













































drivers	 interact	with	 regional-	 and	 local-scale	 impacts	of	both	a	 chronic	and	acute	nature.	Natural	
fluctuations	 and	 those	 driven	 by	 climate	 change	 need	 to	 be	 understood	 to	 diagnose	 local-	 and	
regional-scale	 impacts,	 and	 to	 inform	 assessments	 of	 recovery.	 Three	 case	 studies	 are	 used	 to	
illustrate	 the	 need	 for	 long-term	 studies:	 (i)	 separation	 of	 the	 influence	 of	 fishing	 pressure	 from	
climate	change	on	bottom	fish	in	the	English	Channel;	(ii)	recovery	of	rocky	shore	assemblages	from	
the	Torrey	Canyon	oil	spill	in	the	southwest	of	England;	(iii)	interaction	of	climate	change	and	chronic	
Tributyltin	pollution	 affecting	 recovery	of	 rocky	 shore	populations	 following	 the	Torrey	Canyon	 oil	
spill.	We	emphasize	that	“baselines”	or	“reference	states”	are	better	viewed	as	envelopes	that	are	






















The	 world’s	 oceans	 are	 rapidly	 changing.	 The	 climate	 of	 the	 Earth	 is	 changing,	 largely	 due	 to	
anthropogenic	 greenhouse	 gas	 emissions	 (see	 IPCC	 2014	 and	 references	 therein).	 Climate	
projections	 anticipate	 a	 warmer	 and	 more	 extreme	 world	 of	 droughts,	 floods,	 and	 stormier	 and	
rising	seas	(see	IPCC	2014	for	review).	Dissolution	of	emitted	carbon	dioxide	is	also	causing	the	pH	of	
the	oceans	to	decrease	(Doney	et	al.,	2009).	Interacting	with	these	global	environmental	changes	are	





















2007),	 and	 damming	 of	 major	 river	 systems	 such	 as	 the	 Yangtze	 (Jiao	 et	 al.,	 2007).	 There	 are	





for	 transport	 infrastructure,	 industrial	 plants,	 tourism	 and	 residential	 property	 (Firth	 et	 al.,	 2016).	








Hawkins,	 2012).	We	 start	 by	 examining	 the	 interaction	 of	 climate	 fluctuations	with	 regional-scale	
fishing	 pressure,	 taking	 advantage	 of	 observations	 of	 fish	 populations	 in	 the	 English	 Channel	















fluctuations	 and	 recent	 change.	 We	 use	 these	 case	 studies	 to	 make	 the	 case	 for	 long-term	 and	
broad-scale	 observations	 for	 better	 understanding	 of	 recovery	 from	 both	 acute	 and	 chronic	
pollution.	 We	 highlight	 the	 importance	 of	 considering	 “baseline”	 or	 “reference”	 conditions	 as	
envelopes	viewed	over	appropriate	timescales.	We	also	emphasise	that	existing,	known	and	newer	





composition	 (Cushing,	 1973),	 particularly	 in	 pelagic	 species.	 Since	 Medieval	 times,	 in	 the	 English	
Channel	 climate	 fluctuations	 have	 led	 to	 ‘switches’	 between	 cold-water	 Atlantic	 herring	 (Clupea	
harengus)	 and	 warm-water	 European	 pilchards	 (also	 known	 as	 sardines,	 Sardina	 pilchardus)	
(Hawkins	 et	 al.,	 2003,	 2013;	 Russell	 et	 al.,	 1971;	 Southward,	 1980;	 Southward	 et	 al.,	 1988).	 The	
changes	 before	 the	 19th	 century	 occurred	 before	 fishing	 became	 sufficiently	 industrialised	 to	
influence	 pelagic	 fish	 stocks.	 For	 bottom-living	 species,	 fishing	 pressure	 has	 been	 ever-increasing	
since	 the	advent	of	 trawling	 in	 the	sailing	era,	exacerbated	by	 the	onset	of	mechanised	 industrial-
















the	 1900s	 by	 the	 International	 Investigations	 of	 the	 newly-formed	 International	 Council	 for	 the	
Exploration	 of	 the	 Seas	 (ICES)	 –	 provide	 an	 excellent	 fisheries-independent	 database,	 based	 on	
standard	 hauls	 around	 sampling	 station	 L4	 in	 the	 western	 English	 Channel	 off	 Plymouth	
(Mieszkowska	 et	 al.,	 2014b;	 Southward	 et	 al.,	 2004).	 Records	 spanning	 over	 100	 years	 have	 been	








Office	Hadley	Centre)	 (solid	 line:	 annual	mean	 temperature;	dashed	 line:	5-year	 running	average);	
















have	 occurred	 in	 the	 composition	 of	 bottom-fish	 assemblages	 off	 Plymouth	 (Genner	 et	 al.,	 2010,	
2004;	McHugh	et	al.,	2011).	The	abundance	of	skates	and	rays	(Rajidae)	greatly	reduced	through	the	
twentieth	 century	 (Fig.	 2a),	 largely	 because	 their	 slow	 growth,	 late	maturation	 and	 low	 fecundity	
rendered	 them	 vulnerable	 to	 overfishing	 (Dulvy	 and	 Reynolds,	 2002).	 Some	 species,	 such	 as	 the	
common	 skate	 (Raja	 batis)	 and	 angel	 shark	 (Squatina	 squatina)	 that	were	 once	 plentiful	 are	 now	
biologically-extinct	 in	 the	 English	 Channel,	 as	well	 as	 the	 Irish	 Sea	 (Brander,	 1981;	 Griffiths	 et	 al.,	
2010;	 McHugh	 et	 al.,	 2011).	 Observations	 off	 Plymouth	 are	 mirrored	 across	 European	 shelf	 seas	
(Dulvy	 et	 al.,	 2000),	 but	 the	 extended	 duration	 of	 the	 Plymouth	 datasets	 allows	 interpretation	 of	
when	fisheries-induced	biodiversity	loss	has	taken	place.	
Many	of	 the	observed	changes	 in	assemblage	composition	 in	 the	Plymouth	 time-series	have	been	
driven	 by	 climate.	 For	 example,	 catches	 of	 bream	 (Sparidae)	 (Fig.	 2b)	 reflect	 climate	 fluctuations	
well:	rarely	being	caught	during	cold	periods	(i.e.	1900s–1920s	and	1960s–early	1980s),	whilst	being	
much	more	 frequently	 caught	during	 the	warmer	periods	 (1950s).	Recent	 catches	 (2000	onwards)	
have	 been	 much	 higher	 than	 previously	 recorded,	 as	 befits	 a	 period	 when	 human-driven	 rapid	
warming	has	been	recognised	–	although	catches	have	dropped	off	a	 little	 since	 the	 recent	colder	
period	 2009–2013	 (see	 Fig.	 1).	 Such	 changes	 were	 reflected	 in	 shifts	 in	 whole	 assemblage	
composition,	 strongly	 correlated	 with	 temperature	 (Genner	 et	 al.,	 2010,	 2004).	 The	 effects	 of	
temperature	have	been	most	notable	in	small-bodied	species,	suggesting	that	the	climate-responses	











Fig.	2	Mean	annual	catches	of	 (a)	 skates	and	rays	 (family:	Rajidae)	 showing	vulnerability	 to	 fishing	
pressure	 and	 (b)	 breams	 (family:	 Sparidae)	 showing	 response	 to	 climate,	 recorded	over	 100	 years	





with	 typically	northern	distributions	have	 locally	declined	 (Simpson	et	al.,	2011).	 It	 is	possible	 that	
climate	 change	 and	 fishing	 have	 had	 compounding	 interactive	 effects	 on	 stocks,	 as	 has	 been	
reported	 in	 other	 systems	 (Lindegren	 et	 al.,	 2013).	 Several	mechanisms	 have	 been	 proposed.	 For	
example,	 rapid	 climate	 change	 can	 influence	 phenological	 cycles,	 leading	 to	mismatches	 of	 larvae	










climate	 change	may	 be	 reduced	 in	 overfished	 stocks	 that	 possess	 lower	 portfolio	 of	 genetic	 and	
phenotypic	 diversity	 (Planque	 et	 al.,	 2010;	 Schindler	 et	 al.,	 2010),	 potentially	 increasing	 the	
probability	 of	 mismatches	 between	 larval	 release	 and	 larval	 food	 supply,	 that	 can	 lead	 to	 poor	
recruitment	(Cushing,	1973).		
Climate	change	has	led	to	apparent	geographic	shifts	in	the	distributions	of	some	fish	species	on	the	
European	 continental	 shelf	 (Montero-Serra	 et	 al.,	 2015;	 Perry	 et	 al.,	 2005).	 Such	 gains	 at	 the	
poleward	range	edge	are	expected	to	be	matched	by	 losses	at	the	southern	range	edge.	However,	
evidence	over	 recent	 years	 is	more	 suggestive	of	 climate-driven	 changes	 in	 abundance	of	 existing	
species	 occurring	 locally	 and	 over	 decadal	 scales,	 rather	 than	 rapid	 regional-scale	 invasions	 and	
extirpation	of	species	as	a	consequence	of	thermal	variability.	Such	changes	may	also	not	be	spatially	
consistent	 (Simpson	 et	 al.,	 2011).	 Individual	 fish	 do	 not	 necessarily	 track	 optimal	 thermal	
environments	 for	 growth	 (Neat	 and	 Righton,	 2007).	 Taken	 together,	 this	 pattern	 is	 suggestive	 of	
responses	 to	 climate	 change	 being	 complex	 and	 mediated	 by	 the	 numerous	 context-dependent	
variables,	including	the	availability	of	suitable	habitat	at	appropriate	depth	(Rutterford	et	al.,	2015),	
as	 well	 as	 abundance	 of	 appropriate	 food	 resources,	 and	 the	 impact	 of	 antagonists	 (fisheries,	
predators,	competitors	and	pathogens).	
2.2	Case	Study	2	–	the	Torrey	Canyon	oil	spill	
The	Torrey	Canyon	 ran	aground	off	 the	 coast	of	Cornwall,	 southwest	England,	on	17	March	1967,	
containing	nearly	120,000	T	of	Kuwaiti	crude	oil.	This	was	the	first	major	oil	spill	 in	UK	waters	and	
the	 largest	 from	 a	 tanker	 to	 date	 at	 that	 time	 (see	 Table	 1	 summarising	 selected	 major	 oil	 spill	
incidents),	 prompting	a	major	 clean-up	 response.	 There	was	much	political	 interest	 at	 the	highest	













with	 such	a	 spill.	 The	 subsequent	practice	of	oil	 spill	 contingency	planning	and	 specialist	 response	
units	 (e.g.	 the	 Oil	 Pollution	 Research	 Unit,	 Oil	 Spill	 Response	 Limited,	 the	 International	 Tanker	
Owners	 Pollution	 Federation)	 were	 a	 direct	 result	 of	 this	 and	 other	 incidents.	 Regulations	 and	
guidelines	 have	 also	 been	 developed	 by	 the	 International	 Maritime	 Organisation,	 reinforced	 by	
international	 agreements	 (e.g.	 the	 International	 Convention	 for	 the	 Prevention	 of	 Pollution	 from	
Ships	(MARPOL)	1973).	
An	emergency	 committee	 and	 task	 force	under	 the	overall	 direction	of	 the	Navy	was	established.	
The	Marine	Biological	Association	of	 the	UK	 (MBA)	was	 also	mobilised	 to	provide	 scientific	 advice	








Table	 1	 Selected	 oil	 spill	 incidents	 from	 ships	 and	 installations	 (various	 sources	 including	
International	Tanker	Owners	Pollution	Federation	(ITOPF)	database).		
Incident Date Location Oil Spilt  (Tonnes) 
Torrey Canyon 1967 West Cornwall, UK 118,000 









Exxon Valdez 1989 Alaska, USA 38,000 
Arabian Gulf installations 1991 Kuwait > 1 million 
Braer 1993 Shetland Islands, UK 85,000 
Sea Empress 1996 Pembrokeshire, UK 72,000 
Erika 1999 Bay of Biscay, France 20,000a 
Prestige 2002 Cape Finisterre, Spain 63,000a 
Hebei Spirit 2007 Taean, South Korea 11,000 
Deep Water Horizon installation 2010 Gulf of Mexico, USA ~ 7 million 
aHeavy	fuel	oil	
On	 accessible	 shorelines,	 excessive	 amounts	 of	 toxic	 organic	 solvents	 were	 sprayed	 onto	 the	 oil	




have	 come	ashore	 in	west	Cornwall	 (Smith,	 1968).	 The	 crude	oil	 proved	 considerably	 less	 toxic	 to	
marine	 life	 than	 the	 dispersants	 applied	 and	 the	 oil-dispersant	 mixture	 (Smith,	 1968).	 The	
subsequent	 recovery	 of	 shores	 from	 the	 spill	 (Southward	 and	 Southward,	 1978)	 mirrored	 the	
succession	 demonstrated	 following	 classic	 experimental	 removals	 of	 limpets	 (Burrows	 and	 Lodge,	
1950;	 Jones,	 1946,	 1948;	 Lodge,	 1948;	 Southward,	 1964;	 see	 Hawkins	 and	 Hartnoll,	 1983a	 for	
review).	On	shores	where	dispersant	was	applied,	ephemeral,	predominantly	green	species	of	algae	
(Ulva	spp.)	appeared,	followed	approximately	a	year	later	by	a	massive	recruitment	of	fucoid	algae	
(mainly	 Fucus	 vesiculosus,	 but	 also	 F.	 spiralis	 and	 F.	 serratus;	 Fig.	 3a).	 The	 fucoid	 canopy	 had	 a	
negative	 effect	 on	 the	 barnacles	 that	 had	 survived	 by	 facilitating	 large	 numbers	 of	 dogwhelks	
(Nucella	 lapillus)	 that	 fed	 on	 the	 barnacles	 (Hawkins	 and	 Hartnoll,	 1983b).	 The	 canopy	 also	
prevented	 further	 barnacle	 recruitment	 by	 fucoid	 sweeping	 (Hawkins,	 1983;	 Jenkins	 et	 al.,	 1999).	










Over	 time	 the	 larger	 plants	 died,	 dislodged	by	wave	 action	 (Jonsson	 et	 al.,	 2006)	 or	 eaten	by	 the	
limpets	(Notman	et	al.,	2016).	This	led	to	a	period	in	which	the	abundance	of	canopy	algae	massively	
declined	(Fig.	3a)	due	to	the	large	population	of	limpets	preventing	fucoid	recruitment	(Hawkins	and	
Southward,	 1992;	 Southward	 and	 Southward,	 1978).	 The	 normal	 occurrence	 of	 occasional	 small	
natural	escapes	of	fucoids	in	patches	of	 low	limpet	density	or	amongst	dense	barnacles	or	mussels	
(Crowe	et	al.,	2011;	Hawkins,	1981;	O’Connor	and	Crowe,	2008)	did	not	occur	due	to	intense	grazing	
pressure.	 At	 Porthleven,	 south	 Cornwall,	 starving	 limpets	 abandoned	 their	 normal	 homing	 habits	
and	 migrated	 across	 the	 shore	 in	 a	 large	 front	 in	 search	 of	 food,	 before	 dying	 (Hawkins	 and	
Southward,	 1992;	 Southward,	 1979;	 Southward	 and	 Southward,	 1978).	 Stabilisation	 of	 the	 shore	
community	 occurred	 via	 an	 aphasic	 damped	 oscillation	 (Hawkins	 et	 al.,	 1983;	 Hawkins	 and	



















Fig.	 3	 Recovery	 of	 rocky	 shore	 community	 at	 Porthleven	 following	 the	 Torrey	 Canyon	 oil	 spill	
































*** ** ** ** *** ** *** ** *** * 
Amount of oil 
stranded * ** *** * ** *** ** ** ** ** 
Dispersant 








1 1 1 1 0-1 1 1 None 0-1 1 









Min. barnacles 2 2 3 4 3 3 3 < 6 mo. 2 2-6 
Max. Patella ? 6 5 5 ? 3 3 n/a 3 5 
Fucus starts of 
decline 4 4 4 4 4 5 3 n/a 3 4 
Fucus all gone 5 6-7 6-7 6 5 6 6 n/a 5 8 
Barnacles 
increased 4 6 6 5 4 6 4 1 3 7 












8-10 9 9 8-9 2 5-6 > 9-10 
	
Broader-scale	contextual	monitoring	and	more	recent	experimentation	and	modelling	can	also	help	
explain	 some	of	 the	patterns	observed	during	 the	 recovery	period,	particularly	with	 regard	 to	 the	
balance	of	barnacle	and	limpet	species.	Following	the	extremely	cold	winter	of	1962–63	(compared	
with	the	warmer	1950s),	the	Northeast	Atlantic	entered	a	colder	period	until	the	mid-1980s	(Fig.	1).	
During	 this	 period,	 the	 cold-water	barnacle,	Semibalanus	balanoides,	 became	more	abundant	 and	
warm-water	 barnacles,	 Chthamalus	 spp.,	 became	 scarcer	 (Mieszkowska	 et	 al.,	 2006,	 2014a;	
Poloczanska	et	al.,	2008;	Southward,	1967,	1991;	Southward	et	al.,	1995).	The	warm-water	 limpet,	
Patella	depressa,	was	also	much	slower	to	recover	from	the	oil	spill	 incident	than	the	colder-water	
limpet,	P.	 vulgata	 (Fig.	3b).	 This	was	probably	due	 in	part	 to	 the	direct	effects	of	a	 colder	 climate	
(Hawkins	 et	 al.,	 2008;	 Kendall	 et	 al.,	 2004;	 Southward	 et	 al.,	 1995)	 leading	 to	 lower	 abundance	
throughout	 its	 northern	 range	 in	 the	 British	 Isles	 in	 general	 and	 west	 Cornwall	 in	 particular.	
Subsequent	 experimental	 work	 (Moore	 et	 al.,	 2007)	 has	 also	 shown	 that	 unlike	 P.	 vulgata,	 P.	
depressa	 does	not	prosper	under	macroalgal	 canopies.	 The	dense	 cover	of	Fucus	 following	 the	oil	
spill	probably	facilitated	recovery	of	P.	vulgata	at	the	expense	of	P.	depressa.	Only	since	1990	has	P.	
















period	 that	 culminated	 in	 1959	 (Carlisle	 and	 Tregenza,	 1961),	 representing	 an	 extension	 of	 its	
northern	range	edge	across	the	English	Channel	from	Brittany,	France.	Following	the	acute	impact	of	
the	oil	spill	and	subsequent	application	of	toxic	dispersants,	the	population	was	severely	affected	at	
several	 badly	 polluted	 sites	 in	west	 Cornwall,	 including	Marazion	 in	Mount’s	 Bay	 (Southward	 and	
Southward,	1977,	1988;	Fig.	4a).	Declines	were	also	recorded,	however,	at	an	unaffected	reference	
site	 approximately	 100	 km	 to	 the	 east	 at	 Wembury,	 near	 Plymouth	 (Southward	 and	 Southward,	
1977,	1988;	Fig.	4b).	Eventually	C.	erythropus	disappeared	completely	from	the	British	fauna	by	the	
mid	 1980s	 (Southward	 and	 Southward,	 1988).	 This	 was	 attributed	 to	 lack	 of	 recruitment	 in	 a	
northern	range-edge	population	due	to	the	colder	conditions	 in	the	1960s,	1970s	and	early	1980s.	
Southward	and	Southward	 (1988)	 also	 suggested	 that	 this	decline	may	have	been	exacerbated	by	




thus	 became	much	 reduced	 in	 the	 southwest	 of	 England	 during	 the	 1970s	 and	 80s	 (Bryan	 et	 al.,	
1986;	Spence	et	al.,	1990).	
The	lack	of	empty	available	dogwhelk	shells	may	have	delayed	the	recovery	of	C.	erythropus	hermit	
crabs	 from	declines	 triggered	by	 the	Torrey	Canyon	 incident	and	a	 cold	period,	despite	 conditions	
becoming	 warmer	 from	 1989	 onwards.	 The	 use	 of	 TBT-based	 anti-fouling	 paints	 has	 been	









2009).	 This	 eventually	 led	 to	 an	 International	 Maritime	 Organisation	 (IMO)	 global	 ban	 in	 2008,	
although	sediment	hotspots	persist	(Eggleton	and	Thomas,	2004)	and	continued	illegal	sale	and	use	
has	occurred	(Turner	and	Glegg,	2014).	Since	1985,	recovery	of	dogwhelk	populations	has	been	slow	
but	 steady	 (Fig.	 5).	 Despite	 some	 legacy	 pollution	 issues	 due	 to	 contaminated	 sediments,	




Interestingly,	C.	 erythropus	 were	 found	 again	 on	 rocky	 shores	 at	Marazion	 in	 spring	 and	 summer	
2016	 (Fig.	 4a),	 suggesting	 a	 recruitment	 event	 had	 at	 last	 occurred,	 possibly	 in	 2015,	 from	
populations	in	northern	France.	They	also	returned	to	Wembury	in	2016	but	are	currently	very	rare	
(Fig.	 4b).	 In	 parallel,	 there	 has	 been	 some	 recruitment	 in	 2015	 in	 west	 Cornwall	 of	 the	 stalked	

































(RPSI)	–	an	 index	of	 imposex	 in	 female	dogwhelks;	and	 (b)	abundance	counts.	Data	recorded	 from	



















Following	 an	 acute	 pollution	 incident	 or	 cessation	 of	 a	 chronic	 impact,	 recovery	 in	 marine	
ecosystems	largely	occurs	by	colonisation	from	remote	sources,	in	many	species	via	pelagic	larvae	or	
widely-dispersed	 propagules	 of	 algae.	 Such	 recovery	 occurs	 against	 a	 backdrop	 of	 considerable	
natural	 variability	 driven	 by	 seasonal	 cycles	 and	 climate	 fluctuations,	 upon	 which	 rapid	
anthropogenic	 climate	 change	 has	 been	 superimposed	 in	 recent	 decades.	 Long-term	 data	 from	
impacted	and,	where	they	exist,	control	or	reference	sites	are	essential	for	interpreting	trajectories	
and	timescales	of	recovery	(Hawkins	et	al.,	2013;	Mieszkowska	et	al.,	2014b).	Such	data	have	been	
available	 for	 rocky	 shores	 in	 southwest	 Britain	 since	 the	 1950s	 (Mieszkowska	 et	 al.,	 2006,	 2014a;	
Poloczanska	et	al.,	2008;	Southward,	1991,	1967,	Southward	and	Crisp,	1954;	Southward	et	al.,	1995,	
2004;).	These	studies	have	proven	to	be	invaluable	resources	for	increasing	the	understanding	of	the	
ecological	 processes	 involved	 in	 recovery	 from	 the	 Torrey	 Canyon	 oil	 spill	 in	 1967	 and	 the	
subsequent	 clean-up	 using	 highly	 toxic	 first	 generation	 dispersants	 (Hawkins	 et	 al.,	 2002,	 1983;	
Hawkins	 and	 Southward,	 1992;	 Smith,	 1968;	 Southward	 and	 Southward,	 1978).	 Such	observations	
are	also	essential	for	better	understanding	of	recovery	from	chronic	pollution	(Hawkins	et	al.,	2002)	
as	well	 as	 to	disentangle	 the	effects	 of	 overfishing	 from	 the	 influence	of	 climatic	 fluctuations	 and	
recent	rapid	climate	change	(e.g.	Genner	et	al.,	2010).	
In	 parallel	 with	 the	 long-term	 observing	 there	 has	 also	 been	 a	 large	 body	 of	 experimental	 work	
unravelling	the	interactions	of	the	main	species	on	British	and	European	rocky	shores,	especially	the	












al.,	 2007),	 leading	 to	 qualitative	 (Hawkins	 et	 al.,	 2009,	 2008)	 and	 quantitative	 (Poloczanska	 et	 al.,	
2008;	 Spencer	 et	 al.,	 2012)	 models	 of	 the	 predicted	 influence	 of	 climate	 change	 on	 species	
interactions	 and	 implications	 for	 ecosystem	 functioning.	 These	 insights	 have	 proven	 invaluable	 in	




which	 are	 also	 referred	 to	 as	 monitoring	 or	 surveillance.	 It	 is	 important	 to	 distinguish	 sustained	
observing	from	compliance	monitoring	that	is	driven	by	statutory	powers	or	legislation.	Compliance	
monitoring	often	works	by	measuring	the	frequency	with	which	a	standard	is	exceeded.	Such	data,	
whilst	 useful,	 can	 be	 insufficient	 when	 trying	 to	 measure	 impacts	 on	 community	 structure	 or	
ecosystem	functioning	–	especially	as	both	environmental	standards	and	analytical	instrumentation	
tend	 to	 change	 over	 time.	 Langston	 et	 al.	 (2006)	 discussed	 the	 problems	 of	 using	 compliance	
monitoring	 for	 judging	 the	 health	 of	 the	 ecosystems	 in	 candidate	 areas	 for	 conservation	 with	
reference	to	EU	designated	Special	Areas	of	Conservation.	
The	 examples	 chosen	 also	 emphasize	 that	 there	 is	 no	 such	 thing	 as	 a	 “baseline”	 condition,	 as	
conditions	 fluctuate	 over	 time	 due	 to	 natural	 processes,	 upon	 which	 anthropogenically-driven	






















National	 and	 regional	 governments,	 in	 concert	 with	 international	 bodies,	 have	 a	 generally	 good	
record	 in	 dealing	 with	 pollution	 issues	 once	 identified,	 properly	 diagnosed,	 acted	 upon	 and	
subsequently	 monitored.	 The	 scientific	 community	 also	 has	 an	 excellent	 record	 of	 prompting	
governments	 to	 act.	 Success	 stories	 include	 identification	 of	 the	 pernicious	 influence	 of	 some	




including	micro-plastics,	which	are	 in	 the	course	of	being	banned	from	certain	products	by	 the	UK	










and	short	 sea	outfalls,	 and	more	 recently	against	plastic	pollution,	building	on	earlier	work	by	 the	
popular	beach	cleaning	initiatives	of	the	Marine	Conservation	Society	(https://www.mcsuk.org/).	
Pollution	 is	 in	 some	 ways	 easier	 to	 deal	 with	 than	 some	 other	 anthropogenically-driven	
environmental	 pressures	 (see	 Table	 3).	 A	 compound	 can	 be	 chemically	 characterised	 and	
concentrations	 measured	 in	 the	 laboratory	 and	 in	 the	 field;	 toxicity	 can	 be	 assessed	 relative	 to	
permissible	standards	defined	at	either	discharge	point	or	background	 levels.	Clearly	 this	becomes	
much	more	difficult	with	 complex	mixtures	 from	multiple	 and	often	diffuse	 sources,	but	 if	 society	
and	governments	are	willing,	problems	can	be	identified	and	solved.	
Other	 impacts	are	much	more	difficult	 to	manage,	especially	 if	operating	on	a	global	 scale.	This	 is	
often	because	there	is	 little	feedback	between	individual	and	local	actions	and	mitigation	of	global	
impacts.	Many,	such	as	overfishing	–	whether	global,	regional	or	local	–	are	tragedies	of	commons.	
Both	 global	 environmental	 change	 and	 overfishing	 are	 good	 examples.	 Pressures	 of	 economic	
development,	 coupled	 with	 food	 security	 for	 a	 better	 quality	 of	 life,	 together	 drive	 massive	
environmental	degradation	on	extremely	long	and	difficult-to-reverse	timescales.	The	very	slow	but	


















rapidly	scale-up	to	 the	regional	scale	 (Airoldi	et	al.,	2005).	Such	 interventions	have	been	shown	to	
interact	with	other	pressures,	such	as	the	spread	of	non-native	species	(Airoldi	et	al.,	2015;	Bulleri	
and	Airoldi,	2005;	Firth	et	al.,	 2011;	Mineur	et	al.,	 2012).	 Sea	defences	have	also	been	built	 as	an	




years)	 term,	 whilst	 continuing	 to	 be	 vigilant	 by	 monitoring	 long-term	 changes.	 Should	 humanity	
massively	reduce	its	reliance	on	fossil	fuels	and	stabilise	greenhouse	gas	emissions,	the	inertia	in	the	
global	climate	system	(Solomon	et	al.,	2009)	is	such	that	it	is	likely	to	take	much	more	than	50	years	
for	 temperature	and	ocean	pH	 to	 stabilise	within	 reasonably	 safe	boundaries.	Therefore,	 reducing	
impacts	that	are	easier	to	manage,	many	by	initiating	local	or	regional	actions,	will	convey	resilience	
to	 global	 change.	 Biosecurity	 can	 be	 heightened	 to	 combat	 invasive	 species;	 overfishing	 can	 be	
reduced;	 planning	 systems	 can	be	used	 to	 combat	habitat	 loss;	 and	 restoration	 and	 rehabilitation	
approaches	 can	 be	 applied	 to	 improve	 local	 ecosystems.	 The	 extent	 to	 which	many	 sources	 and	
impacts	of	pollution	have	been	dealt	with	successfully	demonstrates	a	good	track	record	in	adaptive	
management	 in	 response	 to	 anthropogenic	 stressors.	 Our	 view	 is	 that	 overfishing,	 the	 global	
pollution	of	greenhouse	gases	 leading	to	climate	change	and	ocean	acidification,	 invasions	of	non-
native	 species	 and	 habitat	 loss	 can	 all	 be	 considered	more	 worrying	 threats	 than	many	 types	 of	
regional-	and	local-scale	pollution.	But	only	by	managing	those	impacts	over	which	we	have	control	
at	 the	 national	 and	 regional	 level	 –	 such	 as	 pollution	 and	 habitat	 degradation	 –	 can	 we	 confer	
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